Abstract. The Ultra High Voltage power system plays an important role in alleviating the energy crisis. However, due to the high voltage level and complex operation, it will bring disaster to the system once the power grid fails, causing cascading failures and large area power outages. In this paper, we study the stability analysis method of AC/DC Ultra High Voltage power system. Based on setting fault scenarios and BPA simulation, we introduce risk assessment model and set up a series of indexes, including the low voltage risk, the unit angle difference risk and frequency instability risk, to assess the system stability. Compared with the traditional reliability analysis method, this paper combines the probability of the accident and its consequences, and links the risk and benefits, which can quantitatively reflects the safety index of the system. Therefore, it is more applicable in stability analysis for complex AC/DC Ultra High Voltage power system.
the consequences of the accident. The shortcomings of its exposure is particularly evident while making the assessment of a number of accidents which have a small probability of occurrence, but the consequences is serious.
In 1997, the concept of operation risk assessment of power system was first proposed. The risk theory gives attention to both the probability of accident and the consequences, which makes the results more reasonable and instructive. At present, the risk assessment theory is mainly reflected in three aspects [10] [11] [12] [13] : the risk assessment of the market environment and economic factors, the risk assessment based on complex network theory, the online assessment of power system risk.
In this paper, the risk assessment theory is used to analyze the power system after cascading failures. Based on BPA simulation and the risk index, we evaluate the stability of the system. In the case study, the two planning scheme of SANHUA gird is calculated, which proves that the method is scientific and advantageous.
Risk Assessment Theory
Basic Concept.
Power system risk assessment is comprehensive measurement of the possibility and severity. Its formula is:
In Risk assessment generally consists of four steps: ①Determine component outage model; ②Select the system failure state and calculate the probability of the system; ③Evaluate the consequences of the selected state; ④Calculate risk index. How to establish the failure mode and failure state of the system is the key point of the evaluation method. Generally, according to the N-1 stability calculation results and historical natural conditions, we select the important (such as the contact line), the voltage is weak, the disaster accident prone line as the trigger accident. Severity Function.
After the occurrence of the power grid, there will appear some special state, including the bus voltage drop, line overload, load rejection, voltage collapse, etc. Here are three severity function used in this paper:
(1) Line low voltage severity function Figure 1 shows the two kinds of severity function. Discrete function is defined as: when the bus voltage value is lower than the defined voltage threshold value 0.95, the function value is 1, otherwise the function value is 0. Continuous function is defined as: when the bus voltage is 0.95, the function values is 1, and when the voltage level is further decreased, the function value increases linearly. It overcomes the shortcomings of the discrete function, and the size of the function value can reflect the level of the voltage level. When the discrete function is used, the formula is:
Where ij U is the voltage for bus j under the ith accident. () ij SU is the low voltage severity function. When the continuous function is used, the formula is:
In this paper, the continuous function is used, and the low voltage severity function is defined as: When the discrete function is used, the formula is:
Where ij δ is the unit angle for bus j under the ith accident. () ij S δ is the unit angle difference severe function. When the continuous function is used, the formula is:
In this paper, the continuous function is used, and the unit angle difference severity function is defined as:
Where 1 δ ω and 2 δ ω is the weight coefficient of severity, we take 1
unit angle difference severity, max () ij S δ is the maximum unit angle difference severity.
(3) The abnormal system frequency severity function When a serious fault occurs in the power grid, it may lead to frequency instability. The system frequency severity can be expressed as the form below: 
Where f is the frequency, (9) In this paper, the continuous function is used.
Risk Assessment Model Based on Cascading Failure of Power System
Usually, serious natural disasters, such as earthquake, typhoon and ice disaster, can cause a cascading failure, therefore, we should first clear chain reaction of the various stages, then calculate the risk value at all stages and the final cascading failure risk value. In this paper, the power system state is simulated by BPA program, and the development process of cascading failure is simulated. The general development process of cascading failures is as follows: 
Unit Instability Risk.
The difference of the power angle reflects the possibility and the degree of the system instability caused by the accident of the system:
Frequency Risk.
Frequency is an important index to measure the stability of the system:
RfELPEPfELSf =⋅ ∑∑ (12) Similarly, (|,) ri PfEL=1.
Cascading Failure Risk.
Cascading failure risk index is obtained by accumulating the risk value of each stage of chain reaction:
Where i is the stage of cascading failure, K is the series of cascading failures.
Case Study
In the future, SANHUA(including North China, East China, central China) regional power grid will build a number of UHV AC/DC transmission lines. The planning scheme includes Synchronous networking solutions and asynchronous networking solutions. This section will use the risk assessment theory to compare the two schemes.
If the Xiluodu, Xiangjiaba, Jinping area occurrs flood disaster, it will result in Xiluodu -Zhexi, Xiangjiaba -Shanghai, Jinping -Sunan 3 DC lines occur bipolar block at the same time. Huge active and reactive power will flood into the Yangtze River Delta region by Anhui -Zhejiang, Shanghai-Zhejiang, Fujian-Zhejiang exchange liaison passage, which may affect the system stability. Simulation analysis will be carried out below.
The transient process of the system is shown in Figure 5 and Figure After calculating the unit instability risk and frequency risk, according to formula (13) , the cascading failure risk is shown in Table 2 . From above results we can know that: under the above faults, the synchronization scheme can be kept stable for a period of time, and the asynchronous scheme can be lost at once, so the multiple fault ability of the synchronization scheme under this kind of fault is stronger.
Under the asynchronous scheme, East China connect with other regions through the HVDC network, if there is a lot of power vacancy, it cannot obtain the effective support. When the emergence of multiple DC line fault or large-scale power outage, due to the very large size of active power vacancy and concentrated in a small range, it will cause serious power regional imbalance, eventually lead to system instability, and loss of a large number of load; Compared with the asynchronous scheme, the synchronization scheme is connected with the DC lines to make the network synchronization, when the system is in trouble, the power flow is quickly transferred, and the active power distribution is carried out, the unbalanced active power is relatively small, and the stability is higher.
Conclusions
This paper introduced the risk assessment theory, establishes low voltage risk, unit instability risk, frequency risk and Cascading failure risk. Then the stability of the power grid cascading failures is analyzed. Simulation results show that the method is suitable for UHV AC / DC hybrid power system stability analysis. Further research will include:
(1)Combined with the actual situation of UHV power grid, we will establish a more comprehensive risk indicator system, so that the risk assessment is more comprehensive and scientific.
(2) We will combine risk assessment theory and reliability theory. We will not only analyze the reliability of the power grid, but also to consider the economic, environmental protection and other indicators, to make it more comprehensive.
